ABSTRACT: Multiple fecal samples were collected from growing Angus bulls (264 to 419 kg of BW, 3.0 to 11.4 kg/d of DMI) to predict DMI of a corn-silagebased diet. Contemporaneous digestion trials were conducted with the same diet in 12 steers in yr 1 to 3 and bulls in yr 4. Near-infrared spectra from fecal samples (n = 730 from 282 growing bulls, n = 240 from 36 steers and 12 bulls for digestion trials) were obtained from dried and ground fecal samples, and modified partial least squares regression was used to develop equations to predict DMI and DM digestibility (DMD). Although mean predicted DMI of the growing bulls (7.52 ± 0.04 kg/d or 22.4 ± 0.1 g/kg of BW) was within 2% of mean measured DMI (7.63 ± 0.06 kg/d or 22.7 ± 0.1 g/kg of BW), the mean of paired differences within samples (0.11 ± 0.04 kg/d or 0.3 ± 0.1 g/kg of BW) was greater (P < 0.01) than zero. Measured DMD (72.3 ± 0.5%) was identical (P < 0.97) to predicted DMD (72.3 ± 0.5%), and DMD for bulls in the digestion trial did not differ (P < 0.27) from DMD for steers. Prediction of intake requires incorporation of some measured values from the set of fecal samples to be predicted. Lack of similarity between spectra of fecal grab samples from the growing bulls and daily fecal collection of steers and bulls in the digestion trials in this study indicates the need for further verification before prediction of DMD with fecal grab samples.
INTRODUCTION
proposed the concept of using fecal components to predict intake of beef steers. Others focused on use of near-infrared reflectance spectroscopy (NIRS) to predict digestibility by ruminants (Barber et al., 1990; Givens et al., 1991 Givens et al., , 1992a . Subsequent work has established the importance of relevant calibration sets (Coleman and Murray, 1993; Coleman et al., 1999) . Those researchers asserted that, with proper calibration, NIRS could match other predictive techniques in terms of accuracy and precision. Boval et al. (2004) developed equations to predict digestibility and intake of tropical grasses (Digitaria and Dichanthium spp.) by beef steers. Our objectives were to use several years of data from purebred Angus bulls under production conditions to predict intake and digestibility from fecal grab samples and to compare predicted and measured values.
MATERIALS AND METHODS
All procedures involving animals were approved by the Institutional Animal Care and Use Committee of North Carolina State University.
Growing Bulls
A total of 282 bulls were fed a 79% corn-silage, 21% supplement diet (DM basis) for 84 d in September to December of 2006 December of , 2007 December of , 2008 December of , and 2009 . The diet contained 396 ± 15 g of DM/kg of diet, 144 ± 11 g of CP/ kg of DM, 372 ± 24 g of NDF/kg of DM, and 213 ± 15 g of ADF/kg of DM (means ± SD among years, 6 or 7 samples within each year). The diet sustained approximately 1.5 kg/d of ADG. Bulls were fed once daily in the morning for ad libitum intake in individual feeding gates in pens that held up to 12 bulls. Feed offered was recorded daily for each bull, and orts for each bull, if present, were periodically removed and weighed at least once every 14 d. Orts DM was prorated evenly across days between orts collection to calculate daily intake. One fecal grab sample was collected from each bull between 1 and 3 p.m. in late September, late October, and early December in 2006 , 2007 , and 2009 Technical note: Use of near-infrared reflectance spectroscopy to predict intake and digestibility in bulls and steers in late September and early December in 2008. Fecal samples were dried to a constant weight at 55°C in a forced-air oven, ground through a 1-mm screen (Cyclotec, Foss Analytical, Hillerød, Denmark), and near-infrared (NIR) spectra were obtained and recorded using a model 5000 NIR spectrometer (FOSS NIRSystems Inc., Silver Spring, MD).
Digestion Trials
Thirty-six crossbred steers (12 steers per year for 3 yr, 12 bulls in yr 4) were fed contemporaneously the same diet as the growing bulls at least 4 wk before intake, orts, and fecal excretion were measured for 5 d in metabolism stalls. The animals were moved to the metabolism stalls 5 d before fecal collections began. The amount of feed offered was restricted for some steers in some years to create a greater range in DMI. Total collection of feces for 5 d was used to calculate one DM digestibility (DMD) for each animal. The 5 d of intake used for DMD calculations began 2 d before fecal collections. Fecal samples for NIRS analysis from each animal came from five 24-h fecal excretions that were mixed, sampled, and dried to a constant weight at 55°C in a forced-air oven. Samples were ground and their spectra recorded as described above for the growing bulls. The 5 spectra for each animal were paired with the measured DMD of that animal to provide a measure of day-to-day variation in DMD calculations (Figure 1 ).
NIRS Analyses
Growing Bulls. Four spectral libraries from 4 yr were created from fecal samples, using the global H statistic (Mahalanobis distance) of ≤3.0 and neighborhood H statistic of ≤0.6 as selection criteria, and selected spectra were added in a year-by-year, chronological sequence. Expansion of existing libraries is a logical use of new information to increase predictive capacity. The modified partial least squares regression approach of the NIRS software was used to develop calibration equations to predict DMI from the libraries described above, using 6 mathematical derivative equations, 2 elimination passes, and 4 cross-validations. The equation with the least SE of cross-validation was selected for each constituent. This process was repeated each time new spectra were added to the libraries. Intake was the average for 5 d, up to and including the day of fecal collection. A critical T statistic ≥2.5 was used to remove samples from the calibration set (Table 1 ). Predictions of DMI (kg/d or g/kg of BW) within year and day that met the critical T statistic ≥2.5 are in Table 2 . Digestion Trials. Prediction equations were developed as described above for growing bulls. The modified partial least squares regression procedure used 232 spectra to developed equations for DMD (%) or DMI (g/kg of BW), and 235 spectra for DMI (kg/d). Data analysis (Table 3) includes predictions for all fecal samples.
Statistical Analysis
Differences between measured and predicted values in the growing bulls and animals in the digestion trials were evaluated with paired-t comparisons within observations. The PROC MIXED procedure (SAS Inst. Inc., Cary, NC) was used to statistically analyze the digestion data. The model for measured intake and digestibility variables included year as a fixed effect and animal as a random effect. The model for predicted DMI and DMD included year as a fixed effect, animal as a random effect, and days within animal as a repeated measure.
RESULTS AND DISCUSSION

Growing Bulls
Across years and days, measured DMI ranged from 3.0 to 11.4 kg/d (10 to 38 g/kg of BW), and predicted DMI ranged from 3.9 to 10.4 kg/d (14 to 30 g/kg of BW). The R 2 decreased from 2006 to 2008, and then remained stable or increased for 2009 (Table 1) . Across years and measures of DMI, the SE of cross validation ranged from 12 to 15% of mean DMI. Across years and sampling days within years, 10 of 24 means of predicted DMI differed (P < 0.20) from means of paired, measured DMI (Table 2) Predicting intake and digestion in cattle ples had a neighborhood H ≤ 0.6. This lack of spectral similarity indicates that many of the fecal samples from 2009 differed from samples from previous years. Grams of diet DM per kilogram of diet did not differ (P < 0.24) among years, but there was a year effect (P < 0.01) on dietary concentrations of CP, NDF, and ADF. However, the Waller-Duncan K-ratio t-test showed that no single year (including 2009) was different (P < 0.05) from all other years in CP, NDF, or ADF concentrations.
Digestion Trials
The DMI of bulls (2009) differed from steers (2006 to 2008), because some steers in the first 2 yr were restricted to create a greater range in DMI (Table 3) . Bulls did not differ (P < 0.27) from steers in DMD, or in the difference between measured and predicted variables (Table 3 ). Figure 1 shows the range in DMD predictions among the individual 5-d fecal samples from 5 animals as examples of day-to-day variation.
Averaging the 5 NIR spectra within animal, thereby collapsing the data set from 240 to 48 observations and generating 1 spectrum to predict DMD (Figure 2 ) likewise had little effect on calculation and interpretation of data. Predicted mean DMD was 72.4%. The SE of cross-validation increased from 1.38 to 1.81% with the collapsed data set, the associated R 2 increased from 0.79 to 0.82, and the SE of prediction decreased from 1.43 to 1.09% (data not shown).
Prediction of DMD in Growing Bulls
Comparing the spectra of fecal grab samples from bulls in the growth experiment (n = 738) to fecal samples from the steers and bulls in the digestion trials (n = 240) showed that 356 samples had a global H statistic greater than 3.0, and 517 had a neighborhood H statistic greater than 0.6. Comparison of averages of spectra across days for the 282 bulls to average spectra across days for the steers and bulls in the digestion trials showed that 249 of the 282 spectra from the bulls had a neighborhood H statistic greater than 0.6. Comparison of spectra of fecal grab samples from bulls in 2009 (n = 27) to spectra from total daily fecal collections from the same bulls when they were in the digestion trial (n = 60) showed 23 of the 27 spectra had a global H statistic greater than 3.0, and 26 samples had a neighborhood H statistic greater than 0.6. Therefore, the equation from the digestion trials could not be used to predict DMD in the growing bulls.
In conclusion, we agree with the assessment of Coleman and Murray (1993) and Coleman et al. (1999) in terms of the need for calibration before predicting intake or digestibility with NIRS. That calibration must include some direct measures from the population to be predicted. Lack of similarity between spectra of fecal grab samples from the growing bulls and daily fecal collection of steers and bulls in the digestion trials in this study indicates the need for further verification before prediction of DMD with fecal grab samples. 
